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transparent microspheres (12); a color layer (22) printed over me microspheres in a first graphic segment of me sheet material in an 
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grapmc segment of the sheet material in an imagewise partem, the reflective layer comprising reflective flakes in a transparent binder 
wherein the microspheres are partially embedded in at least one of the color layer and the reflective layer, individual nucrospheres having 
the reflective flakes arranged in cup-like fashion about their embedded portions; and a bonding layer (28) printed over the color layer and 
the reflective layer, the bonding layer being sufficiently thick to embed all exposed surfaces of the color layer and the reflective layer and 
being adapted for use in securing the sheet material to a substrate (30). Also, a method for making such a sheet material Also a sheet 
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RETROREFLECTTVE TRANSFE^SlEET MATERIAL 




Field of Invention 

The present invention relates to retroreflective transfer sheet materials 
5 which are useful for forming retroreflective graphic images on substrates and to 
a process for making such sheet materials. 

Background 

During the growth in popularity of decorative emblems on garments such 
10 as T-shirts or jackets, there has been a continuing desire for ways to make such 
emblems retroreflective. On an outer garment worn at night, such retroreflective 
emblems would provide a bright return of light to oncoming motorists, thereby 
adding a safety feature, as well as increased decorative appeal, to the garments. 
Insofar as known, no one has previously found a practical or commercially 
15 useful way to provide such retroreflective emblems. Some have proposed silk- 
screening a design onto a garment, and then while the design is still wet, cascading 
microspheres onto the design; but such an approach is messy, usually provides a 
nonuniform deposit of microspheres, and is impractical for obtaining high 
reflective brightness (which requires that the embedded surfaces of the 
20 microspheres be covered with a specularly reflective layer). Others have proposal 
mixing hemispherically specularly-coated glass microspheres into ink and printing 
such an ink onto the garment (see U.S. Pat. No. 3,535,019 (Longlet et al.)); but 
while such a product is useful for some purposes, it provides a reduced 
retroreflective brightness because the hemispherical ly-coated microspheres are 
25 randomly oriented within an applied coating. Still others long ago proposed the 
preparation of retroreflective decals comprising a layer of glass microspheres 
disposed over a printed design (see U.S. Pat. No. 2,422,256 (Philiippi)); but the 
suggested decal was a several-layer product which was likely stiff and unsuited for 
conformable garments. 
30 In the past, the only commercial products suitable for retroreflective 

emblems or markings on garments have generally been single-colored tapes or 
sheet materials, with constructions as described in U.S. Pat. No. 2,567,233 
(Palmquist et al.); U.S. Pat. No. 3,551,025 (Bingham et al.); U.S. Pat. No. 
3,700,305 (Bingham); and U.S. Pat. No. 3,758,192 (Bingham). But none of these 
35 commercial products is useful to form the complex multi-colored designs that are 
in fashion and are needed to maximize the use of retroreflective emblems. 

U.S. Pat. No. 4,102,562 (Harper et al.) and published International 
Application No. PCT/DK9 1/00325 (Publication No. WO 92/07990) disclose 
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rorcTlective transfer sheet materials compnsin 



retrorenective transfer sheet materials comprising a earner, a continuous 
monolayer of transparent microspheres partially embedded in the carrier, a 
specularly reflective layer (typically a transparent dielectric mirror) deposited onto 
the exposed surfaces of the microspheres, and a color layer printed over the 
5 microsphere layer in an imagewise pattern. In each reference, if the specularly 
reflective layer is a transparent dielectric mirror, the imagewise pattern or graphic 
design of the color layer is visible underneath the layer of microspheres in 
daylight. Although the daytime appearance of the resulting transferred emblem is 
similar to that obtained with heat transfers that carry no layer of microspheres 
10 (i.e., non-reflective transfers), when the emblem is illuminated in a dark room, the 
light retroreflected from the emblem optically masks the graphic design of the 
underlying color layer. In other words, only the color of the incident light is 
typically retroreflected from the emblem since the light is retroreflected directly 
from the dielectric mirror substantially without contacting the underlying graphic 
15 design. 

The result is that, in spite of the above-described efforts, multi-colored 
designs or emblems on garments continue to be made non-retroreflective and the 
potential use of such emblems for safety purposes goes unrealized. 

U.S. Pat. No. 5,229,882 (Rowland) and United Kingdom patent application 

20 GB 2 245 219A disclose retroreflective sheet materials which are adapted to be 
used as retroreflective tapes and patches for clothing and as retroreflective vests 
and belts. The sheet material can be made by providing a sheet material body 
member with microprisms, applying a reflective metallic deposit on the 
microprisms, applying a coating of a protective material in a grid pattern over the 

25 metallic deposit, exposing the coated surface to a solvent which removes the 
metallic deposit in the unprotected areas, and then using a colored adhesive to 
bond the resulting laminate to a substrate. 

Summary of Invention 
30 The present invention provides a new sheet material for displaying 

retroreflective graphic images on a substrate, including fabrics as well as other 
substrates. This nfcw sheet material comprises: 

a) a monolayer of transparent microspheres; 

b) a color layer printed over the microspheres in a first graphic segment of 
35 the sheet material in an imagewise pattern, the color layer comprising a colorant 

in a transparent resin; 

c) a reflective layer printed over the microspheres in a second graphic 
segment of the sheet material in an imagewise pattern such that overlapping areas 
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of tnWirst and second graphic segments are chaRteterized by the color layer being 
disposed between the microspheres and the reflective layer, the reflective layer 
comprising reflective flakes in a transparent binder, wherein the microspheres are 
partially embedded in at least one of the color layer and the reflective layer, the 
5 reflective flakes being small enough relative to the microspheres that individual 
microspheres have the reflective flakes arranged in cup-like fashion about their 
embedded portions; and 

d) a bonding layer printed over the color layer and the reflective layer, the 
bonding layer being sufficiently thick to embed exposed surfaces of the color layer 
10 and the reflective layer and being adapted for use in securing the sheet material to 
a substrate. 

In another of its aspects, the invention relates to a method for making a 
transfer sheet material, comprising: 
a) providing a carrier web; 
15 b) partially embedding a monolayer of transparent microspheres onto the 

carrier web; 

c) printing onto the microspheres in a first graphic segment of the sheet 
material in an imagewise pattern with a colorant composition comprising a colorant 
and optionally metal flakes in a transparent resin and drying the colorant 

20 composition to form a color layer; 

d) thereafter printing onto the first and second graphic segments of the 
sheet material with a bonding composition to a depth sufficient to embed exposed 
surfaces of the color layer and drying the bonding composition to form a bonding 
layer; with the proviso that if the first graphic segment does not contain metal 

25 flakes which form hemispherical reflectors beneath the embedded portions of the 
microspheres that step e) be performed and that it be performed before step d); 
wherein step e) comprises: 

e) printing onto the microspheres in a second graphic segment of the sheet 
material a reflective layer composition in an imagewise pattern such that 

30 overlapping areas of the first and second graphic segments are characterized by the 
color layer being disposed between the microspheres and the reflective layer 
composition, the reflective layer composition comprising reflective flakes in a 
transparent binder, and drying the reflective layer composition to form a reflective 
layer, wherein the microspheres are partially embedded in at least one of the color 

35 Jayer and the reflective layer, the reflective flakes being small enough relative to 
the microspheres that individual microspheres have the reflective flakes arranged 
in cup-like fashion about their embedded portions. 
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In another of its aspects, the invention relates to transfer sheet materials 
comprising a layer of specularly reflective metal interposed between the 
transparent microspheres and the adjacent bonding layer in any graphic segment 
designated to have a gray or silver color and a strong retroreflective brightness. 
5 Typically, the specularly reflective metal layer is disposed in an imagewise pattern. 

In yet another of its aspects, the invention relates to transfer sheet materials 
comprising a colored reflective layer instead of a separate color layer and a 
separate reflective layer. The colored reflective layer comprises both a colorant 
and reflective flakes in a transparent resin and is printed over the transparent 
10 microspheres in a single printing step. 

Sheet materials of the invention can be used to provide substrates with 
graphic images comprising non-reflecting colored areas and retroreflective areas, 
with at least some of the retroreflective areas typically being capable of brilliantly 
retroreflecting the color of the image provided in these areas. Fabric substrates 
15 comprising such transferred graphic images can exhibit good wash durability (i.e., 
launderability) and can also exhibit good drycleaning durability. 

Prigf Description pf Drawing 

The invention will be further explained with reference to the drawing, 
20 wherein: 

FIG. 1 is an enlarged sectional view through a portion of a retroreflective 
transfer sheet material of the invention; 

FIG. 2 illustrates schematically in a sectional view the application of a 
portion of a transfer sheet material of the invention to a substrate; 
25 FIG. 3 is a top plan view of an illustrative emblem transferred onto a 

substrate according to the invention; 

FIG. 4 is an enlarged sectional view through a portion of another 
embodiment of a transfer sheet material of the invention; and 

FIG. 5 is an enlarged sectional view through a portion of yet another 
30 embodiment of a transfer sheet material of the invention. 

These figures, which are idealized, are not to scale and are intended to be 
merely illustrative and nonlimtting. 

Detailed Description of Illustrative Embodiments 
35 A retroreflective transfer sheet material 10 as shown in FIG. 1 can be 

prepared by cascading a monolayer of transparent microspheres 12 onto a carrier 
14 which typically comprises a base sheet 16 and a heat-softenable layer 18. For 
example, the base sheet 16 can comprise a Kraft paper or a heat-resistant polyester 
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foil^Rl the heat-softenable layer 18 can compme a wax, silicone, or rapidly- 
setting polyolefln such as a low-density polyethylene. The microspheres 12 are 
typically thermally sunk into the heat-softenable layer 18 to a depth of between 
about 25 and about 50 percent of their diameters, and preferably between about 40 
5 and about 50 percent of their diameters, by passing the carrier 14 and monolayer 
of microspheres through a tunnel oven set at a temperature in the range of about 
225 to about 300'F (107 to 149*C). 

The transparent microspheres 12 typically are made of glass and typically 
have diameters between about 25 and about 150 microns, preferably between about 
10 60 and about 100 microns. Best results are generally obtained when the 
microspheres have uniform sizes. For best reflective properties, their index of 
refraction should be about 1.9. The microspheres are preferably as clear as 
possible. 

The sheet material 10 comprises a first graphic segment 20 which can be 
15 discontinuous as shown in FIG. 1. In the first graphic segment 20, the exposed 
surfaces of the microspheres are "printed" with a colorant composition to form a 
color layer 22. The term "printed" is used throughout this description in a generic 
sense and is intended to include any coating, spraying, printing, lithographing, 
screen printing, hand painting, or other suitable application process in an 
20 imagewise or non-imagewise pattern. In other words, the term "first graphic 
segment" is intended to denote a segment of the sheet material 10 which is 
provided with the color layer 22. The color layer 22 is typically formed by screen 
printing the colorant composition in an imagewise pattern onto the microspheres 
using a printing screen typically having a woven mesh count per centimeter 
25 (Mc/cm) of about 44 to about 90. 

It is preferred that a screen having a woven mesh count per centimeter of 
about 77 be used in printing the color layer 22 over the microspheres because 
portions of the resulting sheet material which are both colored and retroreflective 
provide a distinct retroreflection of the applied color when this screen size is used. 
A coarser mesh screen can be used but will result in a thicker color layer, less 
retroreflection, and a deeper color; whereas a finer mesh screen will result in a 
thinner color layer, more retroreflection, and a brighter color. 

The color layer 22 is usually printed in a reverse image so that a positive 
image is formed when the sheet material 10 is transferred to a substrate. After the 
35 colorant composition is printed onto the microspheres, the colorant composition 
is dried, typically in an infrared oven at about 120'C for about 30 seconds, to 
evaporate the solvent present in the colorant composition. 



30 



-5- 



BNSDOCID: <WO 9425666A1_L> 



WO 94/2566^ PCT/US94/03477 
^^If desired, the color layer 22 can b^toi 



If desired, the color layer 22 can beformed by successively printing 
(typically screen printing in an imagewise pattern) and drying a plurality of 
colorant compositions onto the microspheres in the first graphic segment 20. In 
other words, the color layer 22 can comprise a number of different colors for each 
5 color of a multi-colored design or can comprise a number of differently colored 
layers to produce an additive or H hybrid " color, each layer being formed by a 
separately printed and dried colorant composition. For example, if two differently 
colored colorant compositions are printed in layers which do not overlap, these 
layers will contribute to a multi-colored design. On the other hand, two differently 
10 colored colorant compositions can be printed in layers which do overlap to achieve 
an additive color. For example, if a sheet material of the invention includes 
overlapping layers of yellow and blue, these layers will provide a green hue or 
hybrid color to the sheet material in the area of these layers. 

The colorant composition of the color layer 22 typically comprises a "two- 
15 component" transparent resin which includes a colorant in the form of a 
transparent pigment or dye substantially uniformly dispersed in the transparent 
resin in a concentration sufficient to produce the desired intensity of color. The 
"first component" is typically in the form of a printable paste which is typically 
preferably as clear and transparent as possible and can, for example, comprise the 
20 following materials: 

Component Pans by w g j g ht 

Polyvinyl Chloride Acetate 6 

Polyurethane Resin 15 

25 Transparent Pigment 9 

Ketone Solvent (e.g., Cyclohexanone) 70 



The first component is admixed with about 1 to about 5 parts by volume 
of a suitable hardener, typically an isocyanate hardener such as NB 386, a 

30 hexamethylene diisocyanate available from Sericol Group Limited, Westwood 
Road, Broadstairs, Kent CT10 2PA, England, which serves as the second 
component. It is also typically important that the second component be as clear 
and transparent as possible. 

It has been discovered that polyurethane-based colorant compositions work 

35 well because they adhere well to the rear surfaces of the microspheres and exhibit 
good stretchability and flexibility, and thus favorably contribute to the durability 
of sheet materials of the invention. Suitable colorant compositions can also be 
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made by using a polyester resin as the transparent resin in the colorant 
composition. 

It is typically desirable to utilize materials in the colorant composition 
which will not crystallize upon being exposed to temperatures up to about 210'C 
5 since heat is typically used in the above-described drying step and in transferring 
the sheet material to a substrate (described below). 

The viscosity of the colorant composition is important because it is typically 
desired to have the colorant composition conform to the microspheres. Also, the 
colorant composition should not flow undesirably so as to result in limited graphic 

10 image resolution. The viscosity of the colorant composition can be adjusted as 
desired by adding a thinner such as a butoxy ethanol to the colorant composition 
until the desired viscosity is achieved. 

After application of the color layer 22 , a second graphic segment 24 of the 
sheet material 10 is provided with a reflective layer 26 disposed behind and printed 

15 over the microspheres 12. In other words, the term "second graphic segment" is 
intended to denote a segment of the sheet material 10 provided with the reflective 
layer 26. Like the color layer, the reflective layer is typically screen printed in 
an imagewise pattern by use of a printing screen typically having a woven mesh 
count per centimeter of about 44 to about 90, and the reflective layer is 

20 subsequently dried in a similar fashion. 

As shown in FIG. 1 , both the color layer 22 and the reflective layer 26 can 
be continuous or discontinuous and can overlap in certain locations or segments 
and not overlap in other locations. In other words, the first graphic segment 20 
and the second graphic segment 24 can be continuous or discontinuous and can 

25 overlap in certain locations and not overlap in other locations. In locations where 
the color layer and the reflective layer overlap, the color layer is disposed between 
the microspheres and the reflective layer to provide a segment of the sheet material 
which is capable of retroreflecting the color of the color layer when the 
microspheres in this segment are illuminated with a beam of incident light. 

30 The reflective layer 26 typically comprises a reflective layer composition 

comprising a transparent binder which is compatible (i.e., will adhere thereto 
without causing or undergoing undesirable degradation) with the transparent resin 
uSed in the colorant composition and further comprises 15 parts by weight of a 
powder comprising reflective flakes. An illustrative reflective layer composition 

35 is as follows: 
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Component 
Polyester Binder Resin Composition 
Reflective Flake Powder 
Ketone Solvent (e.g., Cyclohexanone) 



Parts by Weight 

15 
15 
70 



The polyester binder resin composition can comprise a Nylobag™ or 
Nylotex™ polyester extender resin available from Sericol Group Limited. 
Incidentally, it is believed that a polyurethane binder resin could be substituted for 
the polyester binder resin although polyester binder resin is typically used. The 

10 reflective flakes will typically be metal flakes, e.g., aluminum, bronze, or gold 
flakes, although other suitable flakes such as nacreous pigment particles 
(sometimes called pearlescent pigments) as disclosed in U.S. Pat. No. 3,758,192 
(Bingham) may be used if desired. Further, it is also contemplated that plastic and 
metal-plated plastic reflective flakes could be employed. 

15 The above component mixture is admixed with about 1 to about 5 parts by 

volume of a suitable hardener, typically NB 386 hexamethylene diisocyanate 
hardener from Sericol Group Limited. Like the colorant composition, it is 
important that the binder be as clear and transparent as possible. 



20 preferably are microscopic in that they are believed to have a thickness in the 
range of about 0.03 to about 0.8 microns although the measurement of the 
thickness of reflective flakes is a very inexact science at the present time. Because 
the reflective flakes are so much smaller than the microspheres, they can generally 
conform to the surfaces of the microspheres or the contoured surfaces of the color 

25 layer. In other words, after printing of the reflective layer, the microspheres are 
partially embedded in either the color layer or the reflective layer, with certain of 
the microspheres typically having reflective flakes arranged in cup-like fashion 
about their embedded portions. A suitable aluminum flake powder can be obtained 
under the trade designation MiraT 1 8G,000/A/cx/70-30 from A. van Lerberghe, 

30 Elleboogstraat 7, 8500 Kortrijk, Belgium. 

As shown at the left side of FIG. 1, certain segments of the sheet material 
10 are located within the first graphic segment 20 but not within the second 
graphic segment 24. The microspheres 12 in these segments are printed with the 
color layer 22 but not the reflective layer 26. These segments of the sheet 

35 material have colored graphics but the graphics are not intended to be 
retroreflective. The color layer 22 and reflective layer 26 are typically printed in 
layers so thin that neither contains sufficient substance to be capable of bonding 
the microspheres together and to a substrate. Thus, a relatively thick bonding 



The reflective flakes are typically much smaller than the microspheres and 
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layeffo is provided and is adapted for use in bonding the sheet material 10 to a 
substrate 30 (substrate 30 is shown in FIG. 2). When the sheet material 10 is 
intended to be used in transferring a design to a fabric substrate, there should 
typically be enough material in the bonding layer to penetrate the fabric and 
5 thereby attach the transferred design to the fabric. The bonding layer 28 also 
functions to bond the microspheres 12 together. The bonding layer 28 is formed 
by printing a bonding composition in an imagewise fashion, typically by a screen 
printing process, over the color layer 22 and the reflective layer 26. Thus, the 
bonding composition is applied only within the first and second graphic segments, 

10 and is not applied in areas of the sheet material located outside of the first and 
second graphic areas. The bonding composition is printed in an amount which is 
at least sufficient to embed all exposed surfaces of the color layer 22 and the 
reflective layer 26 and is subsequently dried in the same fashion as the colorant 
composition. Typically, the bonding layer 28 has a wet thickness of about 50 to 

15 about 100 microns. Such a wet thickness can be achieved by using a fabric 
printing screen having a woven mesh count per centimeter (Mc/cm) of about 44 
to about 90. 

The bonding composition preferably comprises an extender resin and a 
heat-activatable, hot-melt transfer adhesive powder fused into the extender resin, 
20 i.e., the adhesive powder is embedded in and bonded to the extender resin. With 
this preferred type of bonding composition, the extender resin is typically printed 
in imagewise fashion but the adhesive powder is fused into the extender resin by 
any suitable process, not necessarily by printing in an imagewise fashion. 

The extender resin typically comprises the following components: 

25 

CQTPPpngnt Parts by Weight 

Polyester Resin 25 
Ketone Solvent (e.g., Cyclohexanone) 75 

30 The polyester resin can comprise a Nylobag™ or Nylotex™ polyester extender 
resin available from Sericol Group Limited. Also, it is believed that polyurethane 
resin could be substituted for the polyester resin although polyester resin is 
typically used. The above component mixture is admixed with about 1 to about 
5 parts by volume of a suitable hardener, typically an isocyanate hardener such as 

35 NB 386 hexamethylene diisocyanate hardener from Sericol Group Limited. 

While the applied extender resin is still wet, the elastomeric powder is 
applied over the surface of the extender resin by any suitable technique known in 
the art and then fused into the extender resin. This fusing is typically achieved by 
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heating 1 



the extender resin and adhesive powder in an infrared oven at about 130 
to about 250 X for about 10 to about 40 seconds, more preferably at about 150 to 
about 250 X for about 20 to about 30 seconds, and most preferably at about 
200 # C for about 25 seconds. The powder fuses into the extender resin such that 
5 at least some of the powder particles are firmly embedded in the extender resin but 
also partially exposed at the extender resin surface located opposite the 
microspheres. These particles promote bonding of the sheet material 10 to the 
substrate 30. 

The transfer adhesive powder is a fine granulate which is typically based 
10 on polyester or polyamide. Examples of suitable adhesive powders include a 
polyamide resin powder which is available under the trade designation FT-409 
Transfer Powder from Sericol Group Limited; and a polyester (polydiol 
dicarboxylate) resin powder which is available under the trade designation 
Avabond 48E Powder from Imperial Chemical House of London, England. 
15 The adhesive powder promotes the laundering and drycleaning durability 

of the transferred image or emblem and increases the likelihood that the bonding 
layer 28 will be heat-activatable for purposes of heat-transferring the emblem 32 
from the sheet material 10 to the substrate 30 even after long-term storage of the 
sheet material. It has also been found that the adhesive powder promotes adhesion 
20 between the sheet material 10 and textile substrates, thereby allowing the carrier 
14 to be stripped off (separated from the color layer 22 and the reflective layer 26) 
after transferring the image or emblem of the sheet material 10 to a substrate. 

Alternatively, it has been found that the extender resin of the bonding 
composition can be replaced with a transfer glue which is typically a polyester- 
25 based glue such as the transfer glue sold by Unitika Sparklite Co. of Japan under 
the trade designation TR Glue. This transfer glue comprises: 

a) 25 parts by weight of a crystalline saturated polyethylene terephthalate 
resin in powder form having a melting point of 1 10*C and available from Toyobo 
of Japan under the trade designation Vylon™ GN-915P; and 
30 b) 75 parts by weight of a saturated polyethylene terephthalate resin in 

liquid form (50 weight percent saturated polyester resin and 50 weight percent 
cyclohexanone solvent), the liquid resin having a viscosity of 5,000 centipoise at 
about 20 X and being available from Toyobo under the trade designation Vylon™ 
RV-51CS. 

35 The transfer glue is prepared by adding the crystalline polyester to the 

liquid polyester while stirring the liquid polyester. The transfer glue has a 
viscosity of about 90,000 centipoise at about 20 X and a resin content of about 
62.5 weight percent. 
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^^Such transfer glues based on polyester^ not need a hardener for their 
function, but they take a somewhat longer time to dry than the above-discussed 
two-component colorant compositions, reflective layer compositions, and extender 
resin bonding compositions. For example, the transfer glue is typically dried in 
5 an oven at about 50 to about 60 "C for a time of from about 3 to about 5 hours, 
or at room temperature for several days. Further, these transfer glues can be used 
without fusing an adhesive powder into them if no special demands for durability 
are to be met. However, if the sheet material 10 is to be transferred onto 
substrates which are typically laundered at temperatures above about SOX, it will 

10 typically be desirable to fuse one of the above adhesive powders into the transfer 
glue in the same manner described above in connection with the extender resin. 

Referring to FIG. 2, an emblem or design 32 of the completed sheet 
material 10 can be transferred to the substrate 30 as shown. This drawing figure 
is a schematic view, as it is contemplated that the bonding layer 28 can bond to 

15 the substrate 30 by penetrating through openings in the top surface of the substrate 
30, such penetration not being shown in this figure. As seen, all of the emblem 
32 is design. The emblem 32 generally comprises the microspheres 12, the color 
layer 22, the reflective layer 26, and the bonding layer 28. The substrate 30 onto 
which the emblem 32 is transferred will typically be flexible and comprise a 

20 natural or synthetic fabric, such as a cotton, cotton-polyester blend, or nylon, a 
film, or a nonwoven material. 

The transfer is typically accomplished by laying the completed sheet 
material 10 against the substrate 30 with the bonding layer 28 facing the substrate 
30 and placing this assembly in a heat-transfer machine set between about 130 and 

25 about 210X, where pressure is typically applied for between about 10 and about 
30 seconds. During this time, the bonding layer 28 softens and typically 
penetrates into the substrate 30 through openings in the surface of the substrate. 
The assembly is then permitted to cool so that the bonding layer 28 exhibits a 
strong adhesion to bond the transferred emblem to the substrate. The carrier 14 

30 can then be peeled back and removed to thereby transfer the emblem 32 onto the 
substrate 30 as shown in FIG. 2. The microspheres 12 separate from the carrier 
14 and are partially exposed with their uncovered surfaces facing outwardly and 
their embedded surfaces embedded in the color Jayer 22 or the reflective layer 26. 
The result is that retroreflective emblems having the same order of 

35 definition of design obtained in non-retroreflective heat-transferred emblems may 
be obtained. Multi-colored, intricately patterned designs may be formed, and the 
designs may be formed with graphic segments which are colored, retroreflective, 
or both colored and retroreflective. The graphic segments which are both colored 
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and retroreflective can be illuminated with a light beam which brilliantly 
retroreflects in the color of the underlying graphic design. This brilliant, colored 
retroreflection occurs because the incident light rays pass through the color layer 
both before and after being reflected by the reflective layer. The color layer filters 
5 the light rays as they pass through the colorant of the color layer, and the filter 
action produces a color hue in these light rays. Increasing the proportion of 
colorant in the color layer tends to deepen the color produced, whereas decreasing 
the proportion of colorant in the color layer weakens the color produced, thereby 
providing a lighter color hue. 
10 The transfer sheet material 10 is typically very thin so that garment 

substrates reflectorized with them are of substantially the same conformability or 
drapability as garments with non-reflective emblems. Also, transfer of emblems 
from the sheet materials onto garment substrates can be achieved using the same 
general procedures and equipment already used in the fabric industry. 
IS It is contemplated that the bonding layer 28 could comprise other materials 

provided the materials retain an imagewise pattern throughout a transfer operation. 
For example, one such material, a pressure-sensitive adhesive, would have 
adhesive properties without being heated. If the bonding layer 28 were to 
comprise such an adhesive, the sheet material 10 would typically include a release 
20 liner covering the adhesive surface of the bonding layer. 

A representative transferred design or emblem 132 is illustrated in FIG. 3. 
This particular emblem 132 is in the form a bull's eye comprising a blue hub 134 
in its center, a green doughnut-shaped graphic segment 136 disposed radially 
outwardly (i.e., concentrically) from the blue hub, and a blue doughnut-shaped 
25 graphic segment 138 disposed radially outwardly from the green doughnut-shaped 
segment. 

If a light is illuminated on a segment of the sheet material wherein the first 
and second graphic segments overlap, light will retroreflect from this segment in 
such a manner that the underlying colored graphics are also visible and have a 

30 brilliant, colored retroreflective appearance. In areas of the sheet material 10 
where only one of the first or second graphic segments is provided (i.e., there is 
no overlapping), either the color layer 22 or the reflective layer 26 will be 
disposed behind the microspheres 12. If only the color layer 22 is disposed behind 
the microspheres 12, the graphic design of the color layer in this segment of the 

35 sheet material 10 will be visible but will not be retroreflective. If only the 
reflective layer 26 is disposed behind the microspheres 12, the reflective layer in 
this segment of the sheet material 10 will have a silvery daytime appearance, and 
will retroreflect any incident beams of light, but will not be capable of 
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retnSWflecting light in a color different from th^olor of the incident light. If it 
were desired to produce an emblem comprising only uncolored retroreflecting 
areas, the sheet material 10 could be provided with no color layer 22 but still be 
provided with the reflective layer 26. 



a specularly reflective metal layer which is applied, typically by a vapor-coating 
process, over the microspheres to form a specularly reflective layer. This concept 
as well as the use of a plurality of differently colored colorant layers which 
overlap each other are illustrated in FIG. 4. As shown therein, a retroreflective 

10 transfer sheet material 40 comprises a carrier 41 which in turn typically comprises 
a base sheet 42 coated with a heat-softenable layer 43. A monolayer of transparent 
microspheres 44 is shown embedded into the surface of the heat-softenable layer 
43, as discussed above in connection with FIG. 1. In a first graphic segment 45 
of the transfer sheet material, a thin (e.g., a thickness of about 500 to about 1200 

15 Angstroms) metal layer 46 typically comprising vapor-coated aluminum is bonded 
to those surfaces of the microspheres 44 which are not in contact with the heat- 
softenable layer 43. In another graphic segment 48 of the sheet material, a first 
color layer 47 contacts the surfaces of the microspheres which are not embedded 
in the heat-softenable layer 43. In a graphic segment 50, a second color layer 49 

20 overlies the microspheres. Also, in an additive color segment 51 of the transfer 
sheet material, the second color layer 49 overlies the first color layer 47. Further, 
a reflective layer 52, typically comprising reflective flakes in a transparent binder 
as described in previous embodiments, is printed over all areas of the colored 
graphic segments 48, 50. Lastly, a bonding layer 53 is printed over the thin metal 

25 layer 46 and the reflective layer 52 in all areas of the graphic segments 45, 48, 50. 

As in the sheet material of FIG. 2, an outer surface 54 of the bonding layer 
53 is adapted to be bonded to a fabric (not shown), and the carrier 41 is adapted 
to be stripped off to expose the surfaces of the transparent microspheres. In use, 
the resulting retroreflective graphic image transfer will have exceptional 

30 retroreflective brightness and a generally gray color in the graphic segment 45, a 
first colored retroreflective appearance in areas of the graphic segment 48 not 
coinciding with the graphic segment 51, a second colored retroreflective 
appearance in the graphic segment 50, and a third colored retroreflective 
appearance in the graphic segment 51 resulting from the combined or additive 

35 effect of the first color layer 47 and the second color layer 49. 

The transfer sheet material 40 can be made by providing a carrier 41 
comprising a polyethylene terephthalate base sheet 42 and a polyethylene layer 43 
on one side of the base sheet 42. A densely-packed monolayer of transparent glass 



It is also contemplated that sheet materials of the invention can comprise 
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iheres (60-100 micron diameter) 44 



>e partially embedded in the 



polyethylene layer 43 by cascading the microspheres 44 onto the polyethylene layer 
43 and heating the polyethylene to a temperature in the range of about 107-148°C 
(225-300°F) to allow the microspheres 44 to settle into the polyethylene surface to 
5 a depth of about 15-50 microns. An 800 Angstroms thick aluminum layer 46 can 
then be vapor-coated onto the exposed surfaces of the glass microspheres 44 over 
substantially the entire sheet material. 

The resulting sheet material can then be positioned on the working surface 
of a screen printing table so that the aluminum-coated surface of the glass 

10 microspheres faces upward. The screen printing table can be fitted with a screen 
which carries the image of one or more graphic segments 45 which are designated 
to be gray and strongly retroreflective. A layer of the same two-component 
extender resin (e;g., Nylobag™ or Nylotex 7 * polyester resin, solvent and hardener) 
used for the bonding layer of FIG. 1 can then be screen printed in an imagewise 

15 pattern over the aluminum layer 46 in the graphic segments 45 and allowed to dry. 
However, the isocyanate hardener need not necessarily be used, particularly if 
more elasticity is desired and wash durability can be sacrificed to some extent. 
The sheet material is then contacted with (preferably immersed in) a dilute aqueous 
etchant solution until the unprotected metal areas of the metal layer 46 have been 

20 visibly etched away. The aqueous etchant solution can be formulated by dissolving 
a suitable powder into water. One powder found to be useful is a drain cleaning 
powder sold under the trade designation Plumbo™ by Kreftinginvest A/S of Oslo, 
Norway. This powder is believed to have a solids content of approximately 30-50 
weight percent sodium hydroxide, 30-60 weight percent sodium bicarbonate, and 

25 5-10 weight percent aluminum. The sheet material is then removed, washed with 
water, and dried. 

The above powder can be conveniently used because it is a commercially 
available product, but it is believed that other aqueous solutions (such as a 25% 
by weight solution) of sodium hydroxide in water would be equally effective and 

30 possibly preferred. In the graphic segments 45, the extender base resin provides 
a protective coating for the aluminum coating underlying the extender base so that 
the etching process does not remove the vapor-coated aluminum in these areas of 
the transfer sheet material. In areas of the transfer sheet material which are not 
protected by the extender base, the aluminum coating is etched away because the 

35 etchant solution is capable of dissolving the vapor-coated aluminum. The first 
color layer 47, second color layer 49, and reflective layer 52 comprising aluminum 
flakes in a transparent binder are then printed in their respective graphic segments 
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of t^sheet material. The bonding layer 53^Tthen printed in the graphic 
segments 45, 48, 50. 

It is further contemplated that in areas where a color layer and a reflective 
layer might otherwise overlap, these distinct layers may be replaced by a colored 
5 reflective layer comprising a colorant and reflective flakes in a transparent resin, 
the colored reflective layer typically being applied in a single printing step. As 
shown in FIG. 5, a retroreflective transfer sheet material 60 comprises a carrier 
61 which typically comprises a base sheet 62 coated with a heat-sof tenable layer 
63. A monolayer of transparent microspheres 64 is embedded into the surface of 
10 the heat-softenable layer 63, as discussed above in connection with FIGS. 1 and 
4. A first colored reflective layer 65, comprising a first colorant and reflective 
flakes in a transparent resin, is typically applied in an imagewise pattern over the 
transparent microspheres 64 in a first graphic segment 66 of the sheet material. 
A second colored reflective layer 67, comprising a second colorant and reflective 

15 flakes in a transparent resin, is typically applied in an imagewise pattern over the 
transparent microspheres 64 in a second graphic segment 68 of the sheet material. 
A reflective layer 69, comprising only reflective flakes in a transparent resin, can 
also be applied, typically in an imagewise pattern, over the transparent 
microspheres 64 in a third graphic segment 70. A bonding layer 71 can then be 

20 printed over the layers 65, 67, 69 in the graphic segments 66, 68, 70. In use, the 
resulting retroreflective graphic image transfer will provide a first colored 
retroreflective appearance in the graphic segment 66, a second colored 
retroreflective appearance in the graphic segment 68, and a gray colored, strongly 
retroreflective appearance in the graphic segment 70. 

25 This concept of combining a colorant and reflective flakes in a single 

colored reflective layer can also be used in connection with the above embodiment 
in which a thin layer of specularly reflective metal is deposited directly onto the 
transparent microspheres. For instance, although not illustrated in FIG. 4, the 
second color layer 49 and the reflective layer 52 could be replaced by a single 

30 colored reflective layer comprising a colorant and reflective flakes in a transparent 
resin. 

The transfer sheet material 60 illustrated in FIG. 5 can be made by fitting 
a screen printing table with a screen which carries the image of a first graphic 
segment 66 designated to be of a first color and retroreflective- Then, a first 
35 colored reflective layer 65 comprising transparent resin, a first colorant material 
such as a transparent dye or pigment, and aluminum reflective flakes is printed 
onto the exposed surfaces of transparent glass microspheres 64 in the graphic 
segment 66. During this printing step, the microspheres 64 are embedded in a 
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canrcr 61 comprising a paper base sheet 62^md a 50 micron thick layer of 
polyethylene 63 on one side of the base sheet. The screen printing table being 
utilized can then be fitted with a different screen which carries the image of a 
second graphic segment 68 designated to be of a second color and retroreflective. 
5 The second colored reflective layer 67 can then be printed and allowed to dry. 
The screen printing table can then be fitted with a third screen which carries the 
image of a third graphic segment 70 designated to be gray and strongly 
retroreflective. A reflective layer 69 comprising transparent resin and aluminum 
reflective flakes is then screen printed in the third graphic segment 70 and allowed 
10 to dry. Finally, the screen printing table can be fitted with a screen which carries 
the image of a fourth graphic segment 72 comprising all areas of the first, second, 
and third graphic segments 66, 68, 70 respectively. A bonding layer 71 is then 
formed in the fourth graphic segment 72 by printing a two-component extender 
resin composition in the fourth graphic segment 72 and then fusing a transfer 
15 adhesive powder into the extender resin as described above in connection with the 
first embodiment. 



20 examples which are intended to be nonlimiting. Unless otherwise indicated, all 
amounts are expressed in parts by weight. 

A conveniently sized sheet of a retroreflective transfer sheet material of the 
invention is positioned on the working surface of a screen printing table so that the 
transparent microspheres are facing upward. A table which is equipped with a 

25 vacuum device for holding the sheet in a desired position is preferred. The screen 
printing table is fitted with a screen which carries the desired art image: any 
emulsion used to prepare direct printing screens, such as Advance Direct Photo 
Emulsion DM 747, is suitable for preparing transfer image screens. When 
prepared with a 150-200 mesh per inch (60-80 mesh per centimeter) T thread 

30 screen, the image should be expected to display the desired range of retroreflective 
colors. Using standard practices well known to those skilled in the screen printing 
art, the first of the desired colors of the transfer image is printed through the 
screen using polyurethane-based inks containing transparent pigments. A typical 
ink composition would contain: 



Examples 



The invention will be further explained by the following illustrative 



35 
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6% Polyvinylchloride Acetate^^ 
15% Polyurethane Resin 
9% Transparent Pigment 
1-5% Isocyanate Hardener 
5 Solvent as required 

While the first color prints are being prepared, they may be held at ambient 
conditions until they are all printed, then dried according to the ink manufacturer's 
directions, if necessary. When the prints with the first color are all dried they 
10 may be printed and dried with subsequent colors until all the desired colored 
portions of the image are complete. 

The reflective layer can be printed through a printing screen which bears 
the transfer image of the portion of the final image which is desired to be 
retroreflective. A 75-200 mesh screen made with T thread may be used for 
15 application of the reflective layer. The reflective layer can be prepared by mixing 
up to 30% of the reflective flake (such as Miral™ 80000/A/cx/70-30, available 
from A. van Lerberghe, Elleboogstraat 7, 8500 Kortrijk, Belgium) into a clear 
extender base resin such as Nylobag™ Extender Base NB-381 (Sericol Group Ltd., 
Westwood Road, Broadstairs, Kent CT10 2PA, England) with 1-5% of Nylobag™ 
20 or Nylotex™ hardener such as NB-386 (Sericol). Depending upon the demands 
of the image or the climate, the reflective layer formula may be modified to suit 
with Nylobag™ or Nylotex™ thinner (Sericol Group) and Nylobag™ or Nylotex™ 
retarder (Sericol). The reflective layer may be allowed to dry by standing at 
ambient temperature overnight. 
25 The portion of the image which it is desired to transfer to fabric is printed 

with a bonding layer, such as Sericol Nylobag™ or Nylotex™ extender base 
(Sencol Group Ltd.) through a 137-150 mesh T thread screen. Immediately after 
pnnting and while the image is still wet, a dry transfer adhesive powder such as 
Tubttrans Elastomelt 95F (CHT North America, P.O. Box 467, Lynchburg, Ohio 
30 45142) is applied to the retroreflective transfer sheet material such that the entire 
image is uniformly covered with powder transfer adhesive. Excess powdered 
transfer adhesive is removed from the image areas by gentle shaking, and then the 
transfer print is allowed to dry at ambient temperature for at least two hours 
preferably overnight. After drying, any additional excess powdered transfer 
35 adhesive which is not shaken from the image while still wet may be removed by 
firmly brushing the dry image with a soft brush. The powder transfer adhesive on 
the surface of the transfer print may be further set by melting. This may be 
accomplished by passage through a screen printing drying unit equipped with 
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radiWeating at such a speed that only the niJRf the image becomes smooth 
and glossy while no damage is done to the transfer sheet material. One way this 
may be accomplished is with a Texair Model 30 screen printing oven (American 
Advance Screen Printing Equipment Company, 400 North Nobel Street Chicago 
5 Illinois, 60622-6383) set at 100'F (38"C) forced air, 900°F (482'C) radiant and 
belt speed No. 1. 

The resulting transfer may be transferred to a number of fabric substrates 
by heat lamination, a Hix Model N-800 heat lamination machine (Hix 
Corporation, 1201 E. 27th, Pittsburg, Kansas, 66762) set at 160'C, 45 pounds (20 
10 kg) feed air pressure, and close time of 12-15 seconds is preferred. After the 
laminated construction is cooled to room temperature, the liner may be removed 
to reveal the retroreflective transfer image laminated to the fabric substrate. 

Various modifications and alterations of this invention will become apparent 
to those skilled in the an without departing from the scope and spirit of this 
15 invention. For example, while the invention is particularly adapted to 
retroreflectorization of fabrics and other flexible substrates, and is discussed herein 
particularly in that context, the invention is also envisioned to be useful in 
retrorefiectorizing other substrates. Further, it is also contemplated that sheet 
matenals of the invention could be used to produce free-standing characters by 
transferring the design of the sheet material to a temporary substrate, and then 
removing the design from the temporary substrate by, for example, reheating the 
substrate to weaken the adhesive strength of the bonding layer 



20 
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1. A sheet material for forming retroreflective graphic images on a 
substrate, the sheet material comprising: 
5 a) a monolayer of transparent microspheres; 

b) a color layer printed over the microspheres in a first graphic segment 
of the sheet material in an imagewise pattern, the color layer comprising a colorant 
in a transparent resin; 

c) a reflective layer printed over the microspheres in a second graphic 
10 segment of the sheet material in an imagewise pattern such that overlapping areas 

of the first and second graphic segments are characterized by the color layer being 
disposed between the microspheres and the reflective layer, the reflective layer 
comprising reflective flakes in a transparent binder, wherein the microspheres are 
partially embedded in at least one of the color layer and the reflective layer, the 
15 reflective flakes being small enough relative to the microspheres that individual 
microspheres have the reflective flakes arranged in cup-like fashion about their 
embedded portions; and 

d) a bonding layer printed over the color layer and the reflective layer, the 
bonding layer being sufficiently thick to embed exposed surfaces of the color layer 

20 and the reflective layer and being adapted for use in securing the sheet material to 
a substrate. 

2, The sheet material of claim 1, further comprising a second color layer 
printed in the first graphic segment in an imagewise pattern, the second color layer 

25 comprising a second colorant in a second transparent resin. 

3. The sheet material of claim 1 bonded to a fabric substrate. 



30 



4. The sheet material of claim 1, wherein the reflective flakes are selected 
from the group consisting of metal flakes, plastic flakes, metal-plated plastic 
flakes, and nacreous pigment particles, and wherein the reflective flakes have a 
thickness in the range of about 0.03 to about 0.8 microns. 

5. The sheet material of claim 1, wherein the colorant comprises a 
35 transparent pigment or transparent dye. 
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W. The sheet material of claim 1 where" color layer and the reflective 
layer at least partially overlap, the color layer being disposed between the 
microspheres and the reflective layer to provide a segment of the sheet material 
which is capable of retroreflecting the color of the color layer when the 
5 microspheres in this segment are illuminated with incident light. 

7. The sheet material of claim 1 wherein the bonding layer comprises an 
extender resin and a heat-activatable, hot-melt adhesive powder fused into the 
extender resin. 



10 



8. The sheet material of claim 1 , further comprising a layer of specularly 
reflective metal adhered to the microspheres in an imagewise pattern to form a 
third graphic segment. 

15 9. A sheet material for forming retroreflective graphic images on a 

substrate, the sheet material comprising: 

a) a monolayer of transparent microspheres; 

b) a colored reflective layer printed over the microspheres in a first 
20 17 I' ° f ** SheCt " ima * ewise ^ colored 

wherert he ayer ™T ing 3 C ° ,0rant refleCUve flakM in 3 ^P™' resin, 
wherein the microspheres are partially embedded in the colored reflective layer 

Ute reflective flakes being small enough relative to the microspheres that individual 

embZL CrCS refleCtiVC ^ ™ Vd " 3 fashi °" *°« their 

embedded portions; and 

25 £ * ""f" 8 ' ayer Primed m " ** c< " ore<, Klkai <" byer, tire bonding 
X, T" y ^ '° ^ «-«« of the colored 



30 10. Tie shea material of claim 9 further comprising- 

d> a layer of specularly reflective metal adhered to the microspheres in a 

bycr betng pnnted over the specularly reflective meal in the second graphic 

35 oTtiT'' , T"" 8 "** tek » — - "Posed sSs 

35 of the specularly reflective metal layer. 

11. The sheet materiaJ of claim 9 wherein the reflective flakes comprise 
aluminum metal flakes. comprise 
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^F. A method for making a transfer sheeraaterial which is adapted to be 
used in transferring retroreflective graphic images from the sheet material to a 
substrate, comprising: 

a) providing a carrier web; 



carrier web; 

c) printing onto the microspheres in a first graphic segment of the sheet 
material in an imagewise pattern with a colorant composition comprising a colorant 
and optionally metal flakes in a transparent resin and drying the colorant 

10 composition to form a color layer; 

d) thereafter printing onto the first and second graphic segments of the 
sheet material with a bonding composition to a depth sufficient to embed exposed 
surfaces of the color layer and drying the bonding composition to form a bonding 
layer; with the proviso that if the first graphic segment does not contain metal 

15 flakes which form hemispherical reflectors beneath the embedded portions of the 
microspheres that step e) be performed and that it be performed before step d); 
wherein step e) comprises: 

e) printing onto the microspheres in a second graphic segment of the sheet 
material a reflective layer composition in an imagewise pattern such that 

20 overlapping areas of the first and second graphic segments are characterized by the 
color layer being disposed between the microspheres and the reflective layer 
composition, the reflective layer composition comprising reflective flakes in a 
transparent binder, and drying the reflective layer composition to form a reflective 
layer, wherein the microspheres are partially embedded in at least one of the color 

25 layer and the reflective layer, the reflective flakes being small enough relative to 
the microspheres that individual microspheres have the reflective flakes arranged 
in cup-like fashion about their embedded portions. 

13. The method of claim 12, further comprising printing onto the 
30 microspheres a second colorant composition comprising a second colorant in a 

second transparent resin and drying the second colorant composition to form a 
second color layer. 

14. The method of claim 12, further comprising applying a layer of 
35 specularly reflective metal on the exposed surfaces of the microspheres. 



b) partially embedding a monolayer of transparent microspheres onto the 
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